The clinical phenotype and certain predisposing genetic mutations that confer increased melanoma risk are established; however, no consensus exists regarding optimal screening for such individuals. Early identification remains the most important intervention in reducing melanoma mortality.
most important predictors of future melanoma, apart from possession of a predisposing high-penetrance germline mutation, are a history of melanoma and multiple atypical nevi. [2] [3] [4] Guidelines recommend that individuals at highest risk be selected for closer surveillance. 5 Whereas encouraging vigilance and self-skin examination is important, there is increasing evidence that interventions such as dermoscopy, sequential digital dermsocopic imaging (SDDI), and baseline total-body photography (TBP) can aid early detection of melanoma. [6] [7] [8] Meta-analysis indicates improved diagnosis of melanoma with dermoscopic vs naked eye evaluation in the clinic. 9 The use of SDDI enhances earlier detection of featureless melanomas and reduces excisions of benign pigmented lesions. 10, 11 Dermatologists with access to SDDI demonstrate improved sensitivity and specificity of melanoma diagnosis when compared with dermatologists using dermoscopy only in their practice. 12 Combining SDDI and TBP improves diagnosis of clinically featureless and de novo melanomas that might be missed with dermoscopy alone. 13 We recruited a cohort at extreme high risk of melanoma and evaluated the impact of full-body examinations every 6 months supported by dermoscopy and TBP, with SDDI where indicated, on the detection of primary melanoma in this population.
Methods

Study Population
The study was approved by the ethics committee of Royal Prince Alfred Hospital, with recruitment by written informed consent. Patients (≥18 years of age) fulfilling at least 1 of the following 4 inclusion criteria were recruited from outpatient clinics of the Sydney Melanoma Diagnostic Centre and the Melanoma Institute Australia.
Group 1: Personal history of at least 1 invasive melanoma and dysplastic nevus syndrome (DNS). Dysplastic nevus syndrome was defined as at least 100 nevi, at least 6 of which showed atypical dermoscopic features consistent with dysplastic nevus as previously described, 14(pp79-128) and at least 1 of which was at least 8 mm in greatest dimension.
Group 2: Personal history of at least 1 invasive melanoma and a family history of at least 3 first-degree or second-degree relatives with a confirmed history of malignant melanoma.
Group 3: Personal history of at least 2 primary invasive melanomas, with at least 1 occurring in the 10 years prior to recruitment for patients with only 2 melanomas.
Group 4: Confirmed CDKN2A (OMIM 600160) or CDK4 (OMIM 123829) gene mutation (the highest-penetrance susceptibility gene mutations for melanoma). No history of invasive melanoma was required for this group, although 12 of 17 patients had such a history. Certain patients satisfied more than 1 inclusion criterion and were analyzed in each category. Family history was validated by recruitment, where necessary, to the University of Sydney GenoMEL study center at Westmead Millennium Institute, 15 from which, in turn, confirmed CDKN2A mutation carriers were referred to the melanoma high-risk clinic. All participants in category 4 carried confirmed pathogenic CDKN2A mutations; none had CDK4 mutations. 15 
Study Design
Key patient data were recorded at each visit and stored on a purpose-built Filemaker Pro database (Filemaker Inc). Each patient was reviewed on a 6-month basis by a dermatologist (F.J.M., P.G., N.K.H., K.H.) or, in a small proportion of visits, by dermatology registrars.
Initial Visit
Baseline data obtained included age, sex, Fitzpatrick skin type, eye color, hair color, and childhood freckling history. The attending physician performed a mole count documenting the patient's total nevus and dysplastic nevus count. Each patient underwent a full skin examination and contact dermoscopic evaluation of suspicious lesions using a Heine Delta 20 dermatoscope (Heine Optotechnik). Lesions of concern were excised, referred for SDDI, or compared with images if previously monitored.
SDDI
Macular or slightly raised melanocytic lesions considered suspicious because of dermoscopic appearance or history of change but lacking any positive features of melanoma were monitored using short-term SDDI (SolarScan, Polartechnics Ltd) as previously described. 11 A baseline dermoscopic image was repeated at 3 months with excision of lesions showing any morphological change, as previously described. 16 Substantially raised suspicious lesions were excluded from SDDI and excised. For melanocytic lesions undergoing SDDI over longer intervals (long-term monitoring ≥6 months), such as in patients with multiple dysplastic nevi, lesions were excised according to the clinically significant morphological changes as previously described. 17, 18 Long-term SDDI was performed on less suspicious atypical nevi (compared with those undergoing short-term SDDI) or in some nevi previously monitored by short-term SDDI.
TBP
Each patient underwent baseline digital TBP following standard protocols, according to which between 12 and 24 highresolution digital photographs of their skin surface were recorded 19 (Polartechnics Pty Ltd and MoleMap Pty Ltd). The photographs were provided on a DVD to the patient, and a copy of the images was stored. Patients were instructed in the use of TBP and asked to perform a full self-skin examination at 3 months and again the day before their 6-month follow-up visit.
Follow-up Visits
At each follow-up visit, patients were initially asked about changes that they had noted either with or without TBP assistance. Patients then underwent a full clinical and dermoscopic skin examination. The clinician then compared the pa-tient with baseline TBP images. Any lesion noted as changed from baseline was recorded. If the lesion was also earmarked during the clinical and/or dermoscopic examination as being of concern, it was coded as "detected with the aid of TBP." If the lesion had not been previously earmarked, it was coded as "detected exclusively with TBP." Again, lesions of concern were excised or referred for SDDI (short term or long term). For all lesions excised, the reason for the decision was recorded: (1) excised only because of patient request, (2) self-detected without TBP, (3) self-detected with TBP, (4) clinician detected without TBP, (5) clinician detected with aid of TBP, (6) clinician detected exclusively with TBP, (7) change under short-term SDDI, or (8) change under long-term SDDI.
Statistical Methods
Data were expressed as frequencies (percentages) for categorical variables and as mean and standard deviation or median and interquartile range (IQR) for normally and nonnormally distributed continuous variables, respectively. A cumulative incidence curve of the time to first new melanoma event during the follow-up period was calculated with the KaplanMeier method. 20 Median follow-up time was obtained by using the reverse Kaplan-Meier method, in which deaths were treated as censored and censored observations as failures. 22 The Poisson generalized estimating equations analysis produced an incidence density ratio (analogous to the hazard ratio) that reflected the relative change in event rate per unit time for late (after 2 years) vs early (within 2 years) incidence of new primary melanoma. SAS software, version 9.3 (SAS Institute), was used for the analysis.
Results
Baseline Demographic Characteristics
A total of 311 patients were recruited between 2006 and 2009. Of these, 219 had a history of invasive melanoma and DNS (DNS cohort); 52, a history of invasive melanoma and 3 or more firstdegree or second-degree relatives with melanoma (strong family history cohort); 146, a history of multiple previous primary invasive melanomas (multiple primary melanomas cohort); and 17, a documented CDKN2A gene mutation (gene mutation carrier cohort). The median (range) age at baseline was 53 (21-85) years ( Table 1) .
Ten patients did not attend as per protocol after baseline assessment, 7 of whom were lost to follow-up. There was no statistical difference in follow-up duration for the 4 groups, with a median follow-up for the study population as a whole of 41.8 months (3.5 years) (IQR, 29.0-50.8 months [2.4-4.2 years]). Nine patients died during the course of the study, 7 from metastatic melanoma, of whom only 1 developed a new primary melanoma during the study period. In this latter case, it was not possible to determine whether metastases developed from the pretrial or trial melanoma.
Fitzpatrick skin type was also consistent across each of the study groups. Approximately two-thirds of patients were Fitzpatrick skin type I or II. Only 2 patients (0.6%) were skin type IV, and none were V or VI (Table 1) . Approximately two-thirds of patients (70%) had 100 or more nevi at baseline counting, whereas approximately one-third (36%) had 200 or more nevi.
Lesions Excised
During the study period, 770 lesions were excised from the patient cohort (Table 2) , of which 291 (38%) were malignant, for a benign to malignant ratio of 1.6:1 for all lesions. The benign to malignant ratios were 2.2:1 in the DNS cohort, 1.8:1 in the strong family history cohort, 1.1:1 in the multiple primary melanomas cohort, and 1.6:1 in the gene mutation carrier cohort. Of the 770 excised lesions, 441 were melanocytic, including 82 melanomas, representing a 4.4:1 benign melanocytic to melanoma ratio. Of the 359 benign melanocytic lesions excised, 251 (70%) were reported as dysplastic nevi. Of the 291 excised malignant skin lesions, 209 were nonmelanoma skin cancers, comprising 143 basal cell carcinomas, 35 squamous cell carcinomas, 29 squamous cell carcinomas in situ, and 2 keratoacanthomas. The basal cell carcinoma to squamous cell carcinomas ratio was 2.2:1 in the study population overall.
A high proportion of the melanoma-associated nevi were dysplastic (37 of 38 [97%]). Of the nevi excised and not associated with melanoma, 251 of 337 (74%) were dysplastic.
The 82 melanomas detected during the study included 75 primary tumors and 7 locally recurrent or cutaneous metastases ( Table 3) . Fifty-one of the primary melanomas (68%) occurred in the 179 men, compared with 24 primary melanomas (32%) in the 132 women. The median (IQR) Breslow thickness for all primary melanomas identified, including at baseline, was in situ (in situ to 0.60 mm). Body site and histological subtype are detailed in Table 3 .
Fourteen primary melanomas were identified at the baseline visit. Sixty-one additional primary melanomas diagnosed during follow-up monitoring visits (Table 3) were found in 48 patients, 74% of whom had multiple primary melanomas and 67%, 16%, and 5% in the DNS, strong family history, and gene mutation carrier cohorts, respectively. The overall rate of melanomas identified during follow-up per study year was 0.08, with the highest rate in the multiple primary melanoma cohort (0.11), followed by the strong family history cohort (0.08), DNS cohort (0.07), and the gene mutation cohort (0.06), allowing for the fact that certain patients were included in more than 1 subgroup. The median (range) time from baseline visit to primary melanoma detection was 17.9 months (2.9-53.2 months).
Thirty-eight postbaseline incident melanomas (62%) were identified on pathological analysis as nevus-associated (junctional n = 23, with 22 dysplastic and 1 nondysplastic; 15 com-pound, all of which were dysplastic), compared with 23 (38%) developing de novo. The median (IQR) Breslow thickness was in situ (in situ to 0.60 mm) when only melanomas detected following the baseline visit were considered. Five of the 61 melanomas diagnosed after the baseline visit had a Breslow thickness of greater than 1 mm ( Table 4) . Three of the 5 thick melanomas were desmoplastic (none associated with a nevus) and occurred in 2 siblings (eFigure 2 in Supplement). Two of these were morphologically amelanotic on dermoscopy, and the other, tan. The 2 other lesions had both superficial spread- ing and nodular components. Both lesions were described clinically as amelanotic, although a dermoscopic image was not available to confirm this. Importantly, of the 6 predominantly nodular melanomas detected postbaseline, only 1 had a Breslow thickness greater than 1 mm. Four of 6 of these nodular melanomas were associated with a nevus (2 dysplastic compound, 2 dysplastic junctional).
Cumulative Incidence eFigure 1 (in Supplement) shows the cumulative incidence of new primary melanomas for the study population for each year of the study. Forty-four of the primary melanomas identified after the baseline visit (72%) were diagnosed in the first 2 years of follow-up. The curve illustrates an increased cumulative incidence for melanoma in the first 2 years of inclusion in the study, with continued new primary melanoma identification out to year 5. The risk of new primary melanoma development for all patients was 12.7% by year 2 and 18.2% by year 4, with an incidence of new primary melanoma during the final 3 years of follow-up noted to be half of that observed during the first 2 years (incidence density ratio, 0.43 [95% CI, 0.25-0.74]; P = .002).
Effect of Diagnostic Aids on New Melanoma Identification
Melanomas detected with SDDI and TBP did not differ significantly (χ 2 test, P = .75) with respect to whether they originated in nevi or de novo. Twenty-four of the postbaseline incident melanomas (39%) were detected using SDDI (Table 3) . A total of 1697 lesions were monitored by SDDI; that is, 70.7 lesions were monitored for each melanoma detected. Changes in 10 melanomas (16%) were detected on short-term monitoring whereas 14 (23%) were detected on long-term monitoring. The median (IQR) Breslow thickness for melanomas detected by SDDI was in situ (in situ to 0.15 mm). Twenty-three of the postbaseline incident melanomas (38%) were excised after the clinician-detected change on the TBP. The median (IQR) Breslow thickness for melanomas detected with TBP was 0.33 (in situ to 0.83 mm). Twenty of the 23 melanomas were detected with the aid of TBP, whereas 3 were diagnosed exclusively as a result of a change identified on TBP. Ten of the melanomas diagnosed (16%) were lesions identified dermoscopically by the examining physician as suspicious, without any change noted on TBP or with SDDI. No melanoma diagnosed could be exclusively attributed to changes on the TBP identified by the patient, although 5 melanomas (8%) were noted by the patient to be changing-without reference to the TBP-and were subsequently brought to the physician's attention. Finally, of the 5 melanomas of greater than 1 mm Breslow thickness, 2 were self-detected by patients and only 1 of 
Discussion
Patients with a history of melanoma have a 9-fold increased risk of developing a new primary melanoma compared with the general population. 23 This risk is further amplified in patients with melanoma who have multiple dysplastic nevi, a history of multiple primary melanomas, 3 or more first-degree relatives with melanoma, or a predisposing gene mutation. 2, 15, 24, 25 To our knowledge, this study is the first to prospectively follow a patient cohort at extreme high risk of melanoma with the primary aim of determining the relative efficacy of diagnostic interventions. Our study's inclusion criteria generated patients at extreme melanoma risk, hence the high rate of melanomas detected (75 new primary melanomas in 311 individuals over a median 3.5-year period). Other studies have prospectively followed populations at increased melanoma risk. Haenssle et al 7 detected 127 melanomas in 688 patients over 10 years using naked eye, dermoscopic analysis, and SDDI. Their patient population was at increased risk, but not all patients were high risk. Malvehy and Puig 26 focused on high-risk patients (45% of whom had a prior melanoma), identifying 98 melanomas from 1152 lesions excised in 618 patients monitored over 10 years with combined SDDI and TBP surveillance. 6 Our study also demonstrated high rates of nonmelanoma skin cancer in a relatively young melanoma-prone population (median age, 53 years), with 72% (209 of 291) of biopsied malignant lesions demonstrating nonmelanoma skin cancer. Although the subgroups in our study were not mutually exclusive, the number of new melanomas per year of follow-up was highest in patients possessing a personal history of multiple primary invasive melanoma. In Australia, 1 study estimated the 10-year risk for developing a second primary melanoma as 12.7%, and for those who had 2 primary melanomas, the estimated 10-year risk of developing a third was 28%. 27 Ferrone et al 24 calculated an estimated 11.4% cumulative risk of second primary melanoma within 5 years in patients with a history of melanoma. The cumulative incidence of postbaseline incident melanomas diagnosed was significantly higher in the first 2 years following inclusion despite standard 6-monthly reviews stretching out to 5 years. We do not report our incidence from first melanoma but rather from entry into our intervention. In previous studies observing patients with multiple primary melanomas, 51% to 59% of subsequent primary melanomas identified occurred within the first year following initial melanoma diagnosis, although these percentages must be evaluated in the context of the short duration of follow-up in these studies. 23, 28, 29 Identifying a preponderance of subsequent melanomas in the initial years following melanoma diagnosis is an observation in part attributed to increased surveillance after diagnosis. Alternatively, those melanomas may have been present at initial surveillance but without features of melanoma and were therefore only diagnosable by subsequent change identified on SDDI or noted from comparisons with baseline TBP.
Ninety-one percent of postbaseline incident melanomas excised in this cohort were thin melanomas of no more than 1 mm Breslow thickness. A median Breslow thickness of in situ confers an optimal prognosis for most of the melanomas that were excised. It is well documented that subsequent melanomas in patients with multiple primary melanomas tend to be thinner at diagnosis than the patient's first melanoma. 23, 28, 29 Body site location of melanomas detected in our high-risk population showed a similar body site distribution (primarily on the limbs in women and the trunk in men) and histological subtype (superficial spreading melanoma and melanoma in situ most common) compared with melanomas diagnosed in the general population. 30 All 5 melanomas more than 1 mm thick detected were diagnostically challenging because of lack of pigment or rare pathological subtypes. Whereas 8% of the melanoma subtypes in our study were nodular and 4% desmoplastic, no such lesions were reported in the Spanish cohort, in which all melanomas detected were 1 mm or less. 6 Our findings demonstrate the need for high awareness of rare melanoma subtypes in extreme high risk populations. Desmoplastic melanoma is frequently diagnosed late because of absent pigmentation and minimal specific identifying features. 31 Hypervigilance for nodular lesions using dermoscopic criteria 32 with prompt biopsy of longstanding or changing atypical lesions is vital. Abbreviations: IQR, interquartile range; SDDI, sequential digital dermoscopy imaging; SSM, superficial spreading melanoma. 1 of 6 postbaseline incident nodular melanomas had a Breslow thickness greater than 1 mm, indicating that these rapidly growing tumors were detected early using our protocol. We did not assess patients' compliance with TBP selfexamination during the trial. However, following the trial with the same cohort under the same examination protocol, 46.6% of patients undertook self-skin examination with TBP prior to their consultation and 71.7% reported TBP self-examination at least once during the previous 12 months (interim analysis of an ongoing study).
In the present study, 39% of melanomas were diagnosed either exclusively or aided by SDDI. This compares with the 25% (32 of 127) of melanomas that were detected exclusively by SDDI by Haenssle et al 7 and the 61% (60 of 98) of melanomas that were identified by SDDI by Salerni et al 6 in their high-risk populations. There is increasing use of TBP in academic pigmented lesion clinics but few studies demonstrating its efficacy as a screening adjunct for melanoma. 33 In this extreme-risk population, 38% of melanomas were diagnosed either exclusively or aided by TBP. The median Breslow thickness was in situ for melanomas diagnosed with the aid of either SDDI or TBP.
There are certain limitations to this study. Many patients satisfied inclusion criteria for more than 1 subgroup, so we were unable to test for differences in characteristics or outcomes across nonmutually exclusive groups. Although the nature of the study precluded a control arm, comparison of surrogate markers such as benign to malignant ratio and median Breslow thickness compares favorably with other studies. It is possible that skin cancer incidence was underestimated because of excisions by practitioners outside our clinic, although every effort was made to capture these events. It is also recognized that the study design includes a greater time allocation for TBP comparative examination than is provided for in a routine clinic setting. Approximately one-third of study patients had more than 200 nevi, monitoring of which is time consuming and challenging for both patients and physicians. It could be argued that this study in part demonstrates the value of allocating additional clinic time for examination of patients at higher risk. There were few nonattendances, with most patients expressing high levels of satisfaction with the service. Finally, the nevus-associated melanomas were reported from the synoptic histopathology reports. Because the focus of this research was early detection of primary melanoma, histopathological review of all excised lesions was not undertaken. Whereas there may be difficulty in distinguishing true dysplastic nevi within melanoma in some cases, the diagnosis of melanoma is not in doubt.
Conclusions
Our study highlights the diagnostic importance of both TBP and SDDI in the follow-up of high-risk patients for primary melanoma. Despite this, hypervigilance for difficult-todetect thick melanoma subtypes is crucial.
